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(57) Abstract 

A photomask (R) having a substrate of 
fluorite (calcium fluoride (CaF 2 )). Protective films 
(42 A to 42 D) made of chromium (Cr), chromium 
oxide (CrO), or silicon oxide (Si0 2 or SiO) are 
formed in the areas that come into contact wilh other 
members when the photomask is exposed, or 
exposing the other than the pattern area (40) where a 
pattern to be transferred is formed. The protective 
film prevents the breakage of the photomask made 
of a material having a low hardness such as fluorite. 
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*&^P.£P (3, 5) ^^tb^iii§i-5*«L (3, 2) ~L (3, 5) t>» 
-?y£P <3, 2) ~&^,6P (3, 5) TO^tb^ttfD^H'^ v-3 ^Ztth 
m-fftfaizmif bfrZo ,^LT, *§IEt£3 8 o£#<Oi^fctp.5 a C0t=V * h~ 

->. 3 >:(0»jE-i4SfTA.*. L,^U -*>*vt)#<^0.<fe.9-ftt*«:*lliE4R3 8 fill 
J: 5 tit- 5 t s MiEtS 3 8 <Off &as»9f-K: «fc «9^c# ; < , ^S^mSUXlKc 

3 8 M Gg^ £*t3 ±. <b < , fdl<£>i|xM (ttMA> HsjfcJRil; J*SHXi£, " 
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2Sifii7£8ga>mriEIR 3 8 »* /i^R <b ««3fe*i&» PLi © WteffiB"*-* w <t 

*lv^$. *&m&mmzti&i&iE*& ot^*^-) ©MteBiiu-^/i'Rtia: 

3. U^/UR&tflte3frl*jEifi3 8 Oftllfi 

d"03gifcJ&l8^*5lt«3te«l»4F, U— !f5taR (ISl 5 7nm) Tf&Sfc*, 

jtrj^xiiOHXli* i o o o P pm^±<^/&^3£#7*£ffl^TMjg£;h< 

So 

(l) 7y^F-^IS^7^*fflv^TMit^-5^ 

XSig*#flgLTSftW-r*. *1\ SiCl< ot 5fc>y*<b£4fe«:»7lc*;k 
^fpT-AP^^-tirLfeT^^^^^ (V^^S;*— h) £#5 (SI) . 
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AD (Vapor PhaseAxial Deposition) £fc„ 
SOVD (Out s ide Vapor Depos i t i on) V^^-S 

*x-imm!G : m^x-7 5'mF--7£ti-fc2>iLWtf : 7*&mz (S3)- rco^*^ 

Lttt, SiF 4 (DJ:947-7$UfeO^^0. i~i oo| 
7jf;}\ 0. 1 ^1 0 a t m, Mtil 0 0 0~ 1 7 0 0 WWW* LV\ 

fc"£^3S;tf7X£;#5 (S4). 0 ^7L^7^W, llfT, HeOi 9 ^TOtt 

ftzAK z-xtemm&^#?*&7 ym^&&mn*xmw<t-rz -ttw 
mn£frz>mfinz$>z>frbxfoz 0 ^<d? ym^?&w%b Lxf*. -s if« w 

<fc 5*7jy*ffc£-*h©:tf;*«:0. l~l 0 0^S%^-r5^FSi4^^iam^ 
■#*L>\ is. Its I07y}(f K-^fclfOBE*^ 0, l~10atm^ 

n,\, y/*3» 7ym^ft&m%*xmm&iLmtf7x%mw4k^zWi&. m?e.y 
yJUK-^fciis (s : 3) ix..-o3Wk*aaxs (s 4) t^^-wiit 

(s 5) , - ##eml£ ttii, o . i.~ i o o^s% 

0. 1 ~ 1 0 a t m##* UVv _LfBtf>@Bfl-W. ^gcDTksUSH^ K— ^ 
$tt{-< iMgfaKl&.S^'bTfcSo ±fE*3R K— TTfea (S 5) <7>f?3<OS. 

Ste. ^L<li5 0 0 ! t£)lT > J: L< f*0~5 0 0t, 4#fc.fcF*L<W: 

3 0 0~5 0'0*CT?*>$. 
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tea^aw{kteaoi»ic#BB«t* J ijk*^s#iB*ii* <? ^ < , 1 6 3 n m»c®iR 

#Stsr <tK«fc»9. si-s i *ts i -F^f«st6r 

<k^l?^5fci6Ji|S!KilX^«0^^^$tuS o *y^ x S i -F^-a-fiS i — H 
s i -c l/i$-a-J;<9^^^/i-^-^^:#< N *^|ft©3jic^^ 

^tf^x^OOHgfOigfifc 1 00ppmaTi:flit5*'i:#f4LV\ 
iD^Kii, Hpp m^Sl^T <t1-5<b > $S 1 5 5nmHl70nm 

1 p pmgtT^t -eiliiOHlM Lfci^-tt, »5cfl:<Z>$:B&aU ^Jx-WfiMrfBS i 

5 0 OK (2 2 2 7^) *T?0«JEffi«^^ : ffi-C*5i ; "**«r»* U'<'tt"5 0 0 
TE ' — icfcfl&^S i -Hjj££-$rfME>r s *fc % Si-Fij£-£-£ 

4*j % ! s o ot:*iB*'fc»ft'tf**#B*^of»*D s 3a*fi l 5 h s i -fus-g-as 
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Z1L$>. ^l^iL<«3 0 0~5 0 0t-ei95o 

-©J; plCUTrJSfitSnfe^^^^^^tfcO^y^^ggtt, 1 0 0 p pm« 
_h^if.*L<, it)»*KlilOO~3 000 0 ppm > 4$lC#* L-< tt 5 0 
0~3 0 0 0 0 p pmT?fc5, (D&f&ftmtf? * <P OTk^^Ffg^tt, 

1 X 1 0".mo I.e. c u 1 e s/cm s J£JU:;6S$J£ L < % ^M*?* L < fct 1 X 1 
0 ,7 ~ 1 X 1 0 ,0 mo 1 e c u 1 e s/c m 3 X*1hZ> 0 

^9^0»Jft*«feA»jb***-K-^i-5Xa (111 6 (^>S 5) *»Hifc-*-$££te 

CO J: LT§gii£nfcu^:?/l'R&t>'*£iE&3 8te % fifths 1 5 7 nm^F,. 
~ 1P* il^jfetLTtffitSi^Ct * # *< , * 9 fc ^ * — 

ft*$v 1%&<r)7 ± V <Dmfa^ 4 6mmi|(D 1 5 0mm^^— 
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o 0t:aTT*<a7k^#!a^S£?T#oT 1 £>&v\ rcoTK^iasiciJ: 19 x 

5 0 OWF^fcSC: fc#3* Ll\ J: 9 % 15 0raraA©Uf^^ 

(2) OHSil^ 1 0 0 0 p pm^±©5^7^^:fflV^TSj|t5I^ 

fl*ifttt:J£aUE# 1 2 0 0 K^T-C. i»oOHfi|«aJ 1 0 0 0 p pmKi, if* 
L<fctlOOO~l aOOppmt tfe-g-fife^^7^-t?&S 0 wOj; 9liOH 
1 0 0 0 p p mWii L*»o«ift*^JjME* 1 2 0 0 KWTK-fS £ t 
T? % i£g2 0 0 n mSS£lT<OJCS»^»lcaffl t fcH^Kfc'^T. »SL«ifcjfc 

.■8*#Si-4^T?*5. 
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St^tf, F 2 U— »f (&Sl5 7nm) ©<k 5 ^Ml^T*^ 7fcffc&te*S 

HPt>a»^i£v>fl|iiSr.^o^^7^"t-l 0 0 0 p pmWiroOH 
.■S*v5««ttifcf t feWllt ftv^, £AT<0J: 9[-%x.^r<b^-c#5o fc*s % 

tt*5fc«T*5fc#*.fc*b3. fiP'fc* S^^yH^-^tCss i -O- 
as.S i -O-S i =^^tt7y7^T?&S^^X.lCfc2)^^^oT*5«9, ffSit 
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0ffiT+3«l*Jfc*> 5. !S6oT, OHSiS|I*if 0 0 0 p pro 
»±T?*»o«ifi«fc3eJBLflEiS 1 2 0 0 KWTi L*i*J*53?^f 9^lc*5V>-C»4s -t 

£;&SiSFS l^\> 7y*»it^3 0 0 p pm«JlJ:T?*)5i. PI— ©7=- 

S i -O-O-S i = s *#»*^4»*Stofcixrv^5i---itt6<D_lW«(*:»4, re 
df-i/vu— }*<D%M-mmfft\Z cfc o T£* K E ' ir ^ 9 ~*>'N BOHC/jlt'© 

£L<, 10ppm«Tt*»5:i^l:»*Us «iW5 0ppm?ri 
S^^tOOHltSSr 1 0 0 0 p pm»±i;i^t5r tOT 
-i*5«l6Hw*>S;&*S>-e&5. -&^TdfejR^#fi«J (Mg, Ca, Ti, C 

r, F e , N i, Cu, Zn, Co, Mn, Na, K) »ft^-ttt-?Jx5 0 p p 

Vkif??-, -X&OHSS&d* 1 0 0 0 p pm^±<7)5^7^?:ffl^5 fcOi L 
^^/WRtt^rifioaflSllfi^ffiTSiWU/t^ (CaF 2 ) , ^M<0^ 
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7*£/B^fcu^/uRt;i, hu^ss i nm&t& (mi) xmmL.itm$m u 

2A—4 2D) £rleU3SlCfl2fiScLT'b <fc^ c 

sit. &&w<Dm3nMBmiz^^xmfc&&mLx®.m-tZo ~<Dm3 r M)& 

D<Dfl|j&£^-riH-e& 9 x HI 7 a telEtffitlK HI 7 b tt^FSEI^fcSe 87aRl)! 
A»e>JS;5^9^*«4 ia»f5 (CaF* ) a>b ft S*f!$£&*S _<4lB!*taP 

tfJXifiO. 5~1. OmmSf T'ifef), r<O^I:^W5»l«4 2©f$i 
LTfct, 0iJx.fi2~3mmaSlCi9:^2>r i^-e^ 5„ ^, 0 7 b {CifcS^T. 
4 3 .^i-cD^7y7^S«4 lO/<^ — >0J«««-(HRW3tA J iftiaL^ 

^^^^^2 0 0^, 4 4S.t^^2 7f:/U^4 5, 4 5 £- 

flW4 4^f*^^©?|ffl(D^<^ii7L4 4 Ajbm&islxX^Z b k hi^ 
M3£g&4 2^©*$^5^^C^^A^d^ft5?iE^<D^tti>-h4 6j&«-t 
iveft^^frTv^e |2*/^4 5ii, $g l 4 4 5 «t 5 £ 
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A±{cEv^iaftfi:M^5t«?H«*tfCv^5 0 *i3£glg4 2l^lt^4 4j:l; 

rsjttx^ 2^/1-^4 sjoa*#tt&;K;fcJiKtt^-'4*3ft*«4 2<D±.m*#y*m 

^4 l ©TSC- «fc:«3&-*-5w£fc:J: 5 „ #7*&«4 l 5 

<t*j % -^9>s«4 i temis<n&f£^tf ; 7xxfo'oxi>&\<^, mmmim 

K— Xtt OHM 1 O O O p praW±tWLfc^^ 

tf^Sfav^fc J^Lfc^tt^- h 4 6# N tir&ffitt 4 2 4 4 , 
4 5#0#'Sii<0-+^#rit«flcJjnX<PL-r, ii£^4 2 0±itl2t>;^4 5 
±I^P-¥ffirt tiff 5 r t ^t-?: 5f ^f:ii£.f Ifc ^ITIi^ < , 35 L 
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srtas-eta. $$s«4 2t* V: ^9^»<R4 iom< t t> jir ■*■ 

2 *-&tfW'^-^.A'R-<O*ill«l > «flw*5V^-r0E4t»*tt[4 2 f£^0#.x ..fcSV»tt« 
ASIC* »J3S£UfcJM&fc-«fc 9«**D!a^JS*«*&l3ti-r. Six*. 

M*r©*^©*fc»aj|R&*i-0T;fcl?x H18 a lijSIi, Q 8 b ttffl] 

^i*;^4 iJclt^«*$ixsaJ^lc2tt..--tit«ix«fillBt4 7 jW£j£c**i/Cvi 
5 0 i(0««JBt4 7 t ttliv CVD (Ch em i c. a 1 Vapor 

De p o s i t i on) &Tj*fi<*H*rfc#>r K«Mjgfl3-*--5 d 3„ 
*fc % mt^r^M (S iO^BS iO, (C r) v (Cr 

O) „ ^{k^ey^^ (Mo Sis ) ^fffltS^ttt^ -?:<£>^f&*i£ 

MM $£4 2 0»lW4 4fC*^jR**tt5»^»Cttfi! ! ^|«4 7#JB#£ 
^4 4^xr(Z5ffitti^tc»«^* ! ^U« w-i:3» s '5c< . ffi3»3&K4 2 i*l^i4t 
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fc*5, 4*3*&«4 2^114 7<OJgritfflgrtt, El 8 a&.OT)8 b{'d^Lfc{i 
j&S"T?t«5. l*ifiStR4 2 i#?*iE;K4 l Sr—teffciStf 5 ^r<o 

rff)Mi4 7f£4i3££*£4 2©^?,f, tfy^mfa* l ^2*/uy4 

^2 0D (»1*^4 4) tfl^LTfcX <fc #7^SK4 1 CQ^ 

<b tfc£ffi3£^K4 2 fcu^/^x— ^2 0 AtcflHftSjeLTfc 
±j£L7!:J: ?\ZA r F^drv-^W— f"* ( 1 9 3 n m) £33 V>5 R3feftBT»4» 

#*LV\, 4#{iScS* J 1 9 0 nmitWT, 5 0~1 9 0 nraW 
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fjtiiictiflitsriiJJ'ess. - 

^■^^R-4r«Tfc*f (HS*l,fc*35). &^T»JftJL.fcj&#»fcS. 

#L.T»W& . -£rit*ftO»ifi (Writ) 

jfe (hydro - thermal method) -CWJ*i"5, Wj&^fe#t±WT 
5 — •7&m*& (TKife) #EK£*tSTtff (15** 

«T) 0^35.2^ *~.h^w-^OT«l^-t-5.Ji« (W-J*lf) tf>SJ^M 

(At) li-4.4t v ?E«$li8 2%, EE*ttl 5 7 0 a t m. SffittlM 
^M) (pfclMfc'* M (N.aOH) TKJStt^.iStt^y^-^A (Li*) « 

7 8 mm/B £i~5<, 

rCT% ■ftfWF e-&t^QH»^SftVM5^...^.»»I|JlAS±#< 

*:<£<-*- <5fc*. r.oH16JBI8-cr*, NaOHMlC Li + i£,bLT. 09*. If, 
L i N O i ^jba-rSo hi7 I/— 7RXfm7k&'<X& y K ^<$/7/U 

(*t«EIW»*0. . a«**^^,c*O^O»ttli«tt-r5»^R0«»^«r^»I 
i;-»»?*«OF fc«J x £f£*iSI'f OF e*ftt>ffi< 450 
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Sff)OH^Ii4 p pm. Hffl-C^S^Sl* 1 5 2 n m * XX'% 5 (F> LT, 

OH^W$ii|Sli:<4ppm, »*»4r4 6 nm*t?3*Effl'Br«e-^*>*J» 
LtO F 2 l>— 9*^LT+^*fflT?%Si fc*3* L 
J£Mc* #J;U±\ A. A. Bal lman, D. M. Dodd, N. A. Kuebler, R. A. Laudise, D. L. Wood, 
and D.W. Rudd, "APPLIED OPTICS Vol.7, No. 7 (July, 1968) " , P1387^P1390(C 

Wy^/lz-v^ay) OiftAS:/i<"*-ri:^T?#5. /w— v^a 

^•fRj ('Xtt* t < tea $6. Y$*^ L < \t b M) Cttl. 3 3 7X 1 0 ' S /KT'& 
9s ft^iW^faimO. 7 9 7 X 1 0- 8 /KT?fe5^b, *MB3M5*>*iS UV n X $4 
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L*»U ^JSJRttlc*»t*^^^R»*N ±i* Lfc#^KJ:.0 ^Wt!&i^fc'g' 
ij6«-C#5 e tfcoT, 5.7:nmOF,. U^f tlWjfe^LtttffltS* 

mmmm*±.i&<Dm t?*> *» „ ^<Dmmmm 2. 4x1 0 - s /k tttxt tt/h 

ArFimw-f (19 3nm) £JHv^2S)t^©-m, 

®<bi\ JSSi 5 19pnm|$^T, ^6t)JCfi 1 5 0~ 1 9 0 nmlZ&M*^ 

V\, M^lttMliS'Ji: LT, ^ 2 0 0 n mgStt±©p*«:ffi^5 

F a V— tF^A r F^**y? yr-Hffctf«:JBV:»3tt*?9 D F 
; $.g. u _ ^* ^. , /U r> A (x tT ■ * A <t ;h y fc* •> A<75 j35:£) . # K— ^ 
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mx.it, m~ ftfiU— tf03§tS&g& 1 . 51-1. 5 9 

$g£i£g/6Sl 8 9—1 9 9 nm<nmmfoX*$>Z> 8{gg;ag#u Xfi^MS^ 
15 1-15 9 nmO«SISl^T&<5 1 0 f&fSJ^j&^tU^ £*V<5 a 1*Kl*8i8afe*«: 
1. 5 4 4 — 1. 5 5 3(im«ffiirttt5h 1 9 3 — 1 9 4 n mCO^fflrtO 

5 7-1. 5 8 /imO^KF^<bi- 5<t. 157~158nmO| 

art*) i ofSFffiM^; whFz u--rbmm—®L&ttezmfivytm%bi\z> 9 

l. 0 3~l. l 2 #im»16Hrti:-*-S H8&afe«ris l 4 
7 — 1 6 0 nm©«Irt1**)'5 7fi&fliMifctfSttWj Sit, 4$fc3§igi£g£r 1 . 0 9 
9 — 1 . 1 0 6 fi m<D&m[*lt-tZ> 1 5 7—1 5 8 ji mtD^ffirt 

5, 

¥*#3fm±iaII&<6«!B • ttffijftlH-Scff r<£>fS:ff-*7- 

«Nff»#<&ttHi, bus* 1997^11^110 n 

B ^StiHffttM^ - 308 3 42f, 1 9 9 8^2118 0#lffl©0 

^mftwrmmm 10-52830^ 1998^51120 nmm<o b ^h^pi* 

|ttl!f$ 10-146604 -5§\ 1998^5^260 f*»tti© B #fi4#rFfctllg|fS 
1 0- 1 4 4 3 0 3^ S.t* 1 9 9 8^10^228 f+ftttIO B ^Bftttttiffiffi 
1 0- 3 0 0 5 2 5-3-©£T«M*l*i&t±, ^< 9 -ttf>S.*3UB LTm^tt 
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ft * <o i i 

8. ffiMBftflUKK. l!9K^«0»fl5l-IR»te>*t5»**Rl'-7<^v^n 

9. «gj&s2 0 0 nmm&&T<Dmwft&Mm^-zftM*ffiz.K.mftm 
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1 1 . HUfa^^^7^4 , C0OHSjtS^ 1 0 0 p pm£!>T"efc5ff5fc ] S 

1 3. ftfi#2 0 0 nmS«WTO|BW3t**tW-^S*«4rfll^fc«)t 
flHSft^aff^ 1 2 0 0 Kj^TT?, i»oOHXW# 1 0 0 0 p pm«J:T^ 

Hfiias^ kj^jS $ tiit'< ? - ^ h , 
i 5 \zmm.(D7* h-^xfo 

1 8. RfclSBTfcoT, 
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iG o X&®}~f 5 * !f — >* «t , 

1 9. ^S^2 0 0 nmSfi[«T«>fiBW3fc-eJ!8it$*t5X^ — 

2 0. ^g^2 0 0 nmgSaTOfigP^)tl?fia|t$tbS^<^ — ><D®.% 

«jfi*^jafi3S5 1 2 0 0 KJ^TT% ^oOHSgfe! 10.00.pp m£llT*$, 

2 1 . S^gffcot, 
»fiAi2 0 0 nmg0E»T<0l!R0§#4r:7* h-v* * teHRJtti-5IBl9?#<£* <k s 
jure?* h^^^*»bmiti-5WW3fe*(«3t««±tcia!»i-S»**^5Ki:. 

2 2. STt^MTSjoT, 

-.•.■a&s ^ * h ^ * * fcbmatr z mm it &m?tmm-tiz&m-p 5 n&x.^ t , 

*Ji*3eajKj5S 1 2 0 0 KJ^TT% ^oOHSjgg^ lOOOpp mKitfc 
2 3. 7*h^^t*ot, 
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• 25. &;g#'2 o o nmmmuT&mwft%ftttiirzitm*ffiz-tzmyt 

2 6. gtjf27k^«f*^^*rt$Pf^*^^IS3}t^2 3. 2 4Xtt2 
2 7. Sg^gtffcoT. 

2 9 . a&«B3taRt±«feS^ 5 2 0 0 n meft»T«OJiaM*«rttttl"f-SW*«. 
2 7 (dlEiScOii^eo 

30. •e>r^»^w^wKJft^«fe"eibo-c^ 

* *&n-fZ> t t fcK, lW«a»»*iXfc-v^^tCft«* s 2 0 0 nmgflE£TF<DfiS 

31. af*x<^^oKja*jfe-^*>o-c» 

7yfK- -7753&f?*. OHSISiS 1 0 0 0 p p mg±W55l^7 7 
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1 JCteigcO-^^ u^<^^^^it^)£ 0 
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Fig. 1a 
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Fig. 2a 
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Fig. 5a 
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Fig.6 
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Fig. 7a 
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